We report on the preliminary cytological observation of fluid in the primo-nodes and vessels on the surfaces of the internal organs of mammals. With some microsurgical procedures, we observed many cells and microcells that spread out of the nodes on the organ surfaces of rats and rabbits. These cells generally showed the following morphologies: (1) round or oval cells, 10 µm in size, with predominantly little cytoplasm; (2) cells with nuclei that exhibited a collapsed shape; (3) binucleated cells, 20 µm in size; (4) spherical granules, ranging 0.5-2.0 µm in size (primo-microcells); and (5) aggregations of such granules. These findings on the existence of cells with diverse morphologies in the fluid of primo-nodes and vessels could be evidence supporting the hypothesis that the anatomical basis of acupuncture meridians (i.e., primo-vascular system) may be a migration channel for various kind of cells.
Introduction
In the field of complementary and alternative medicine, biological studies have recently focused on elucidating acupuncture and herbal therapeutics in terms of cell growth and differentiation (Ventura 2005) . Previous works have shown that acupuncture and oriental herbal treatments can regulate gene expression that is related to the modulation of intracellular signal transduction and cell development (Shang 2001; Wang et al. 2008; Kang 2008) .
Since its first observation by Bonghan Kim in the early 1960s, the primo-vascular system also termed the Bonghan (kyungrak) system, has been thought to be a physical basis of classical acupuncture meridians (Chan 1984; Baik et al. 2005; Yoo et al. 2007; Han et al. 2009 ). Kim claimed that through the primo-vascular system consisting of primo-vessels and nodes, about 1-µm-sized DNA-containing granules named primo-microcells or sanals flow from acupoints to internal organs in order to proliferate and differentiate into the corresponding tissue cells (Kim 1965) . In the late 1960s, Fujiwara (1967) reported that he had observed developing cells in several stages ranging from the primo-microcell to the mature cell, flowing through channels of the primo-vessels.
Very recently, some morphological features of primomicrocells have been studied (Ogay et al. 2006; Kwon et al. 2007; Baik et al. 2009 ), providing evidence for the circulatory function of the primo-vessels (Shin et al. 2005; Lee et al. 2007; Sung et al. 2008 Sung et al. , 2009 .
In this paper, we report on a preliminary cytological study of the fluid in the primo-vessels and nodes on the organ surfaces of rat and rabbit. Cells from the interior of the primo-vessels and nodes had diverse morphologies, a finding which may imply that the primovascular system could be a migration channel of various kinds for cells.
Material and methods
Animal preparation and surgical procedures Sprague Dawley rats weighing about 300 g (5-6 weeks) and New Zealand white rabbits weighing about 1.8 kg (6-8 weeks) were used in this study. The animals were housed in a temperature-controlled environment (23 • C) with 60% relative humidity, a 12-h light/dark cycle, and ad-libitum access to food and water. The procedures involving the animals and their care conformed to institutional guidelines, which were in full compliance with current international laws and polices (Guide for the Care and Use of Laboratory Animals, National Academy Press, 1996). The study was Cytological observation of the fluid in primo-nodes 915 approved by the Institute of Laboratory Animal Resources in Seoul National University. The rabbits were anesthetized with urethane (1.5 g kg −1 ) and the rats with pentobarbital sodium (50 mg kg −1 ) administered intraperitoneally, and all surgical procedures were performed under general anesthesia. One hour after the anesthetic was administered, the abdominal wall was dissected, i.e., there was 1 h period between anesthetic administration and dissection. The large vessels in the skin of the abdomen and the thorax were held by hemostats to induce hemostasis and allow minimal blood flow over the organ surfaces.
The primo-node is a thickened part of the primo-vessel, and is relatively easy to be found. Thus, we searched for these nodes on the organ surfaces by using small surgical instruments such as iris scissors, microforceps, and needles for manipulation. The search for the nodes and the vessels was carried out under a stereoscopic microscope (SZX12, Olympus, Japan).
Alcian blue injection and light microscope observation For rabbits, after identifying a primo-node, we injected the filtered 1% Alcian blue solution (2.0 mg ml −1 , pH 7.4) using a 10 ml syringe with a 36 gauge needle. The time lapse from the dissection of the abdominal wall to the injection was about 5-10 minutes. After injection of the Alcian blue, the skin of the abdomen was returned to its place to cover the organs and to keep the node and internal organs under viable conditions as much as possible. Five minutes after the Alcian blue injection, we uncovered the abdomen by lifting the skin again, and sampled the whole network of primo-nodes and vessels on a gelatin-coated glass slide. The sampled nodes and vessels were stained with 0.1% (w/v) acridine orange and DAPI (SlowFade Gold, Invitrogen, Oregon, USA), and were observed with a phase contrast microscope (Axiophot, Carl Zeiss, Germany) and a confocal laser scanning microscope (LSM 510, Carl Zeiss, Germany) to examine the flow channels of the primo-vessel and to measure the distance of, and thus the speed of, the Alcian blue flow.
After the primo-nodes and vessels were located in the rats, all of the networks were immediately transferred into a pH 7.4 phosphate buffered solution (PBS) and stained with PBS-diluted 0.01% acridine orange and DAPI (SlowFade Gold, Invitrogen, Oregon, USA), for observation under a confocal laser scanning microscope (LSM 510, Carl Zeiss, Germany). Or alternatively, the PBS-transferred primonodes and vessels were chopped with a surgical blade and directly observed under an auto-focusing phase contrast microscope (IX81, Olympus) with a chamber of controlled temperature (36-37
• C) and 5% CO2 gas (50-100 ml/min). Fig. 1 . A stereo-microscopic image of a primo-node (arrow) and its associated primo-vessels (arrow heads) on the surface of a rabbit liver. The diameters of the nodes and vessels were 200-500 µm and 10-50 µm, respectively, and the total length of the vessels was 10-15 cm. Scale 500 µm.
Results
On the surfaces of the rabbit livers (or rat large/small intestines), we located primo-nodes and vessels that were separated from the liver surface and were connected to each other at certain locations (Fig. 1) . In the rabbit, the diameters of the nodes and vessels were between 200-500 µm and 10-50 µm, respectively, and the total length of the vessels was between 10-15 cm. For rat primo-vessels, the diameter ranged from 40 to 100 µm. Most primo-nodes were swollen in the middle section of the vessels , although in some cases they were located at the terminals of the vessels. The primo-nodes and vessels seemed to be more elastic in comparison to the adjacent connective tissues (Lee et al. 2004) .
About five minutes after injecting the Alcian blue solution into one of the nodes on the rabbit liver surface, we could find under a phase contrast microscope that other nodes and vessels, which were located 10-15 cm from the Alcian-blue-injected node, also contained the dye, as reported previously . In some of these dye-containing nodes, we observed that thousands of cells spread out from a ruptured section of the node (Figs 2A, B) . These 1-20 µm-sized cells and microcells contained Alcian blue (Fig. 2C) , thus permitting the conclusion that they are derived from the interior of the node. For immediately isolated and therefore intact primo-nodes of the rat, we also observed cells and microcells that ranged from 0.5-10 µm in size and were originated from the node (Fig. 7) . These cells and microcells were similar in morphology to those observed in the rabbit primo-nodes.
The cytology of the fluid in the primo-nodes showed a polymorphism, which can be categorized as described below. The Type 1 cytology exhibited round or oval cells of 10 µm in size, which had mostly a small amount of cytoplasm (Fig. 3) . Some of these cells did not have a nucleus (Fig. 3C) ; although in DIC images they were not discernable from nucleated cells ( Fig  3A) . The Type 2 featured cells that were 12-15 µm in size and had reniform nuclei (Fig. 4) . These cells had round shapes and contained more cytoplasm than did the Type 1. Furthermore, the reniform nuclei of these cells generated high fluorescence intensities after staining with DAPI and acridine orange (green) (Fig. 4B, C) . In particular, the nuclear boundaries had a higher fluorescence in the samples stained with acridine orange. The Type 3 cytology had binucleated cells that were 20 µm in size (Fig. 5) . These cells had little cytoplasm, like those observed in the Type 1 cases. A large nucleus occupied most of the volume of the cell. The Type 4 contained spherical granules that ranged from 0.5-2.0 µm in size (Fig. 6 ). These granules (1-2 µm) were much Fig. 4 . Confocal scanning microscopic images of the cells from the primo-node. Type 2: Matured cells were 12-15 µm in size and had reniform nuclei. These cells were round and had more cytoplasm than did the Type 1. Furthermore, the reniform nuclei generated high fluorescence intensities when stained with either DAPI or acridine orange. In particular, the nuclear boundaries showed a higher fluorescence for acridine orange. We see DIC, fluorescence (green: acridine orange; blue: DAPI), and merged images in A, B, C, and D. Scale 10 µm. smaller than the cellular nuclei (∼10 µm) and showed a clear green fluorescence signal from acridine orange staining, which indicated that DNA existed within the granules. In the Type 5 cytology, the aggregations of such granules were observed in temperature-controlled (36-37
• C) conditions (Fig. 7) . Between two and seven granules, which were the same type as those of the rats in the Type 4, were found in the aggregated morphologies.
Discussion
The spread of the cells and microcells out of the primonode implies that the cells were non-adherent inside the node. Of course, we cannot exclude the possibility that the injected dye might have weakened the intercellular adhesions. However, in our temperature-controlled experiment for the rat primo-node, the node that was directly isolated into the microscopic observation chamber without any staining showed a similar spread of cells as those observed in the cases injected with the Alcian blue. Thus, we can conclude that our primary assumption has an exact reason. Because the primo-vascular system has the ability to transport liquid , the cells and microcells likely migrate through primo-nodes and vessels along with the internal fluid. This finding may imply an important functional aspect: the primo-vascular system may be a channel for cell migration (Alvarez et al. 2008) .
Due to our lack of critical cytological data, we were not able to precisely determine the types of the cells and microcells found in our study. Nevertheless, it may be meaningful to predict their possible classifications, especially when compared to the cells found in other Fig. 7 . Phase-contrast microscopic image of the cells from the primo-node. Type 5: the aggregation of Type 4 granules. These features were observed under temperature-controlled (36-37 • C) conditions. At least 2-7 granules, which were the same as those described in Type 4, were found in aggregated morphologies. Arrows indicate the single granule and its aggregations. Scale 10 µm.
body fluids, such as peritoneal, pleural, ascitic fluids, or blood plasma. The first type (Type 1) featured a small size and round shape with a small amount of cytoplasm. This class might correspond to small lymphocytes or eosinophils. Mesothelial cells (non-reactive) should be excluded as one of the candidates because of their small nuclei and abundant cytoplasm (Hong 2008) . The second type, (Type 2) contained more cytoplasm with a reniform nucleus, the boundary of which was strongly stained with acridine orange. These characteristics resemble those of histocytes. Of particular note, the reniform-nuclear membrane of each histocyte has a finely folded structure, which might explain the high fluorescence of acridine orange on the nuclear boundary in our data. The third type (Type 3) contained large, binucleated cells. This class was similar to a type of reactive mesothelial cell found in body fluids (Hong 2008) . However, this type may also represent the mitosis of normal cells, like those found in the Type 1.
In our confocal microscopic images, the intensities of DAPI and acridine orange fluorescence signals were significantly different depending on the cell type. For example, in the results shown in Fig. 4 , acridine orange fluorescence was stronger than the fluorescence of DAPI: however, the opposite result was found in the results shown in Fig. 5 . This is why we utilized a double staining method of acridine orange and DAPI in this study. This kind of discrepancy between DAPI and acridine orange has also been reported in other studies (Kepner & Pratt 1994) , although the reason is not known.
The DNA-containing, 0.5-2.0 µm-sized spherical granules and their aggregates (i.e., Types 4 and 5), are most interesting since they are not found in any other body fluid cytology. The morphological characteristics of Figs 6 and 7 are identical to those of the primomicrocells that have been reported in previous works (Shin et al. 2005; Ogay et al. 2006; Kwon et al. 2007; Baik et al. 2009 ). These primo-microcells have been thought to play a role in cell development, tissue renewal, and wound healing (Kim 1965; Fujiwara 1967) . According to the arguments of Kim and Fujiwara, a primo-microcell can proliferate to form a complete cell, and can migrate through the primo-vascular system from the skin (acupoint) to an organ, or vice versa. In our findings, the aggregates of microcells (Fig. 7) could be an early stage of microcell proliferation. From this point of view, the Type 1 could be surmised to represent a fused stage of the proliferation sphere, which Fujiwara (1967) has referred as a 'nucleus-like structure'. Of course, the Type 5 may represent intra-microcell adhesion caused by cell membrane stickiness or by simple electrostatic interaction between neutral surfaces of the cells. Nevertheless, a recent study utilizing atomic force microscopy showed that the budding structure of the primo-microcell could indirectly support the possibility of its self-proliferation (Baik et al. 2009 ).
Our study has serious limitations that prevented us from clearly uncovering the cytology of the fluid in the primo-vascular system. Our method of observing the cells from the primo-nodes did not allow us to obtain sufficient specimens for more precise cytological examinations, such as immunohistochemistry or electron microscopy. If a cell-counting method was applicable, it also could be meaningful to get the relative percentage of each of the different types of cells. We could attempt to centrifuge the homogenized primo-nodes and vessels (Ogay et al. 2006) , but this method will introduce the cells composing the primo-vascular system itself, not the cells in the fluid. Thus, more advanced methodologies are strongly required for the next step of this investigation. Furthermore, ultimately to prove that the primo-vascular system is the anatomical basis of acupuncture meridians, we have to find this structure in human body, and have to clarify its roles in acupuncture therapy.
